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157} ABSTRACT

In a water level depressing operation of a multistage
hydraulic machine, first, the guide vane in the max-
imum-pressure stage is totally closed. Then, the respec-
tive guide vanes in the remaining stages are left opened
more or less, and compressed air is supplied, whereby
the water level is depressed below the runner in the
runner chamber in the minimum-pressure stage. There-
after, the respective guide vanes in the stages other than
the maximum-pressure stage are also totally closed.
Then, when the water level in each of the runner cham-
bers is raised as a result of, for example, leakage of water
from the associated guide vane, compressed air is indi-
vidually replenished to each of the runner chambers.
Moreover, the accumulated water in the return blade
passage is discharged to, the subsequent pressure stage
runner chamber through the guide vane and finally to
the draft tube owing to the individual control of the
pressures of the respective runner chambers, whereby
the water level in each of the runner chambers is con-
trolled. Accordingly, 1t is possible to reliably depress
the water level.

14 Claims, 3 Drawing Figures

17 16 15
Y O O
()
A N
d >



U.S. Patent Dec. 16, 1986 Sheet10of3 4,629,393




U.S. Patent Dec. 16,1986  Sheet2of3 4,629,393

FIG 2

(A)MAIN SHAFT 1

(5 ) UPPER-STAGE MOVABLE , | .

GUIDE VANE 7 E'—_'—__

(C) LOW-STAGE MOVABLE | ' f |
GUIDE VANE 8 | —_

|
(D) WATER LEAK CHARGING VALVE __- ' —

(E)AIR CHARGING VALVE 9
(F)AIR CHARGING VALVE 11

(G)DRAFT TUBE WATER LEVEL __ | 1| I

' |
(H) STOP VALVE 14 I S/
(1) WATER LEVEL DETECTOR 17 ' OFF | JON

(J) WATER LEVEL DETECTOR 16 _OFF] [ON
(k) RETURN VANE FLOW PASSAGE M
"/ WATER LEVEL | .
(L )RUNNER SEAL WATER ; _
(M) RUNNER BAND DRAINAGE { _
VALVE 22 o u S
' ™ —————
|
|
|
i
f
|

|
|
(N)GUIDE VANE LEAKAGE WATER | ||/~
DRAINAGE VALVE 21 = _
(O ) AIR DISCHARGING VALVE 13 . /

| - s — |

~ (p)RUNNER BAND DRAINAGE i
VALVE 20 S S
(q) GUIDE VANE LEAKAGE WATER | || -
DRAINAGE VALVE 19 _ B —— . : -




U.S. Patent Dec. 16,1986  Sheet3of3 4,629,393

FIG 3

(A)MAIN SHAFT 1 | e
(g ) UPPER-STAGE MOVABLE

GUIDE VANE 7 |
(C)LOW-STAGE MOVABLE

GUIDE VANE 8 —

(D) WATER LEAK CHARGING VALVEI_E__
(E)AIR CHARGING VALVE 9 m
(F)AIR CHARGING VALVE 11 | LM
(G)DRAFT TUBE WATER LEVEL W

(H) STOP VALVE 14 1 Yy
(1) WATER LEVEL DETECTOR 17 OFF [TON
(J) WATER LEVEL DETECTOR 16 OFF [ON

(k)RETURN VANE FLOW PASSAGE ™\~
WATER LEVEL

(L )RUNNER SEAL WATER ——————
CHARGE VALVE

(M) RUNNER BAND DRAINAGE
VALVE 22 R4 '

(N ) GUIDE VANE LEAKAGE WATER -

7/ DRAINAGE VALVE 21 — _ -
(0) AR DISCHARGING VALVE 13 -
(p)RUNNER BAND DRAINAGE

VALVE 20 _ — _
(q) GUIDE VANE LEAKAGE WATER
DRAINAGE VALVE 19 —




4,629,393

1

METHOD OF OPERATING MULTISTAGE
HYDRAULIC MACHINERY

BACKGROUND OF THE INVENTION

The present invention relates to a method of operat-
ing multistage hydraulic machinery. More particularly,
the invention pertains to a method of operating a multi-
stage hydraulic machine with movable guide vanes,
which effects depression of the water level when start-
Ing a pumping operation or effecting a condenser opera-
tion.

To effect starting or a condenser operation of a large-
capacity reversible pump-turbine or the like, it is gen-
eral practice to employ a motor-generator or a starting
motor which is directly connected to the main shaft. In
such a case, it is common to conduct starting in air for
the purpose of reducing the starting torque required for
the motor.

In order to realize starting in air, it is necessary to
expel water from the runner chamber. To effect expel-
ling of water from the runner chamber, it is general
practice to depress the water level in the state wherein
the guide vane 1n the maximum-pressure stage is totally
closed, while the respective guide vanes in the remain-
ing stages are opened.

In a conventional multistage hydraulic machine with
movable guide vanes, for example, a two-stage revers-
ible pump-turbine, a water level depressing operation is
conducted as follows. The guide vane in the upper stage
1s totally closed, while the guide vane in the lower stage
1s totally opened, and compressed air is forcedly sup-
plied from the back-pressure chamber of the runner in
the upper stage. The water present around the runner is
passed through a return blade passage by means of the
compressed air and 1s successively forced into the run-
ner chamber through the guide vane in the lower stage,
which is the final stage, whereby the water level is
depressed.

Thus, the level of water around the pump runner is
depressed by means of the compressed air so that the
runners are exposed to the air when effecting starting in
air.

However, if it is taken into consideration that the
depression of the water level is originally effected for
the purpose of reducing the torque required for starting
the runners, it may not be necessary to expel the whole
of the water present within the return blade passage and
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it may be sufficient to expel the water around the runner -

in each of the stages. | |

On the basis of this idea, a multistage hydraulic ma-
chine has been invented which is provided with a by-
pass tube which extends from a return blade passage
portion such as to communicate with a draft tube, such
as the shown in Japanese Patent Publication No.
38336/1972.

The above-described invention, however, involves
the following disadvantages: (1) it is necessary to em-
ploy a by-pass tube having a considerably large diame-
ter and to provide an automatic valve on the by-pass
tube; (2) the return blade passage portion is originally
narrow and, therefore, it is not easy from the viewpoint
of space to provide the by-pass tube and the automatic
valve at the return passage portion; and (3) if the by-
pass valve should have a failure (for example, if the
valve should open during a normal turbine or pump
operation), leakage of water will produce a loss in the
turbine or pump efficiency, and further, since the pres-
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sure in the return blade passage portion is high in a
normal turbine or pump operation unlike that in the
water level depressing operation, the by-pass valve may
involve vibrations.

In the case of a reversible pump-turbine, it is neces-
sary for it to be able to maintain the water level in a
depressed state while the pump-turbine is rotating in the
pumping operation mode. In view of this, the following
problem may be experienced. In the pumping operation
mode, the runner in one stage acts during the water
level depressing operation such as to centrifugally blow
away the cooling water supplied to the runner and the
water dropping from the upper-stage runner chamber
and to convey the water back to the higher-pressure
stage. Since i1t is necessary for the above-described
water to be finally discharged to the draft tube, the
above-described counterflow pnenomenon is disadvan-
tageous and involves an essential drawback.

SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the present
invention to provide a method of operating a multistage
hydraulic machine by which it is possible to reliably
depress the water level with a simple structure.

To this end, according to the invention, first, a prede-
termined water level depression is attained in the state
wherein the guide vane in the maximum-pressure stage
i1s totally closed, while the respective guide vanes in the
remaining stages are opened to a small extent. Then, the
guide vanes in the latter stages are closed, and the water
level control for the return blade passage is effected.
Thereafter, the water level control for the runner cham-
ber 1n the maximum-pressure stage (for example, in the
return blade passage) and the water level control for the
runner chambers in the remaining stages (for example,
in the draft tube) are separately effected. Thus, the
multistage hydraulic machine is operated in such a man-
ner that, while the air pressure for depressing the water
level in the runner chamber in the maximum-pressure
stage 1s maintained at a level higher than the pressure of
the remaining water on the outer periphery of the run-
ner of the next pressure stage and similarly, the air pres-
sure for depressing the water level in any subsequent
runner chamber is maintained at a level higher than the
pressure on the outer periphery of the runner of its next
pressure stage, the water dropping from the runner
chamber in the higher pressure stage and the cooling
water supplied to each of the runners in the remaining
stages are smoothly discharged to the draft tube
through the runner chambers in the latter stages with-

- out gathering in the return blade passage of any pres-
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sure stage. According to the present invention, it is
advantageously possible to reliably depress the water
level.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of the arrangement of a
two-stage reversible pump-turbine showing one em-
bodiment of the present invention;

FIG. 2 1s a time chart showing the method of shifting
the operation mode from the turbine mode to the con-
denser operation mode according to the present inven-
tion; and

FIG. 3 1s a time chart showing the pump starting
operation according to the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention will be described hereinunder
through one embodiment. FIG. 1 shows one embodi-
ment of the present invention in which the invention 1s
applied to a two-stage reversible pump-turbine.

An upper-stage runner 2 which is mounted on a main
shaft 1 1s supplied with compressed air from an air
charging valve or an air supply valve 9 through a check
valve 10. On the other hand, a lower-stage runner 3 is
supplied with compressed air from an air charging
valve or an air supply valve 11 through a check valve
12. A spiral case 4 1s provided with an air discharging
valve or an air exhaust valve 13.

A return blade passage 5 1s provided with the three
detectors for detecting three different water levels in
the return blade passage 3, that 1s, a first-stage water
level detector 15, a second-stage water level detector 16
and a third-stage water level detector 17. These detec-
tors 15, 16 and 17 are connected to an automatic stop
valve 14 which is in turn connected to a draft tube 6.
The draft tube 6 is provided with a draft tube water
level detector 18 for detecting the water level 1n the
draft tube 6. |

In the vicinity of a movable guide vane 7 in the upper
stage is provided a guide vane leakage water drain
valve 19 for draining the water leaking out from the
clearance of the guide vane 7 to the draft tube 6. In the
vicinity of the upper-stage runner 2 is provided a runner
band drain valve 20 for draining the water accumulated
around the runner to the draft tube 6. A movable guide
vane 8 in the lower stage and the lower-stage runner 3
are respectively provided with a guide vane leakage
water drain valve 21 and a runner band drain valve 22.

(OPERATION IN THE GENERATING
OPERATION MODE)

Operation mode transfers from the generating mode
to the synchronous condenser mode will be described
hereinunder by employing the time chart shown in
FiG. 2. During a generating operation in which the
main shaft 1 is rotating as shown by (A), at a time tg the
upper-stage movable guide vane 7 in the upper stage is
actuated 1n its closing direction as shown by (B) as soon
as the operation transfer signal is given, and the mov-
able guide vane 8 in the lower stage 1s actuated in its
closing direction as shown by (C).

When the lower-stage movable guide vane 8 reaches
a predetermined degree of opening (at a time t;), the
operation of the low-stage movable guide vane 8 is
suspended as shown by (C). When the upper-stage mov-
able guide vane 7 has been totally closed (at a time tj),
the following valves start to open, that is, a leakage
water make-up valve or a water leak charging valve,
the air supply valves 9, 11, a runner seal cooling water
valve or a runner seal water charge valve and the guide
vane leakage water drain valves 19, 21 as respectively
shown by (D), (E), (F), (L), (Q) and (N).

The leakage water make-up valve is adapted to allow
a predetermined amount of water to be continuously fed
to the spiral case 4 while by-passing an inlet valve so
that water i1s not replaced by air as result of an excessive
lowering in the pressure in the spiral case 4 during an
operation in air wherein the inlet valve is totally closed.

When the air charging valves 9 and 11 are totally
opened, compressed air is supplied into the return blade
passage S and the draft tube 6, whereby the level of the
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water filling the upper-stage runner chamber as far as

the upper-stage movable guide vane 7 is gradually de-
pressed by means of the compressed air and the water
level in the lower stage runner chamber 1s gradually
depressed as well. The return blade passage water level

first lowers as shown by (K), and the draft tube water

level then lowers as shown by (G).

When the draft tube water level lowers to L3 and
shown by (G), the automatic stop valve 14 staris to
open as shown by (H). At the same time, the air charg-
ing valves 9 and 11 are closed as respectively shown by
(E) and (F). When the automatic stop valve 14 is totally
opened, the lower-stage movable guide vane 8 at a
predetermined opening position 1s actuated in its totally
closing direction as shown by (C).

At the same time, the runner band drain valves 22 and
20 start to open as respectively shown by (M) and (P),
and the air discharging valve 13 opens as shown by (O).
After the low-stage movable guide vane 8 has been
totally closed, the water level control in the return
blade passage is effected in accordance with values
respectively detected by the second- and third-stage
water level detectors 16 and 17 as respectively shown
by (J) and (I).

When the draft tube water level detector 18 detects
the fact that the draft tube water level 1s at and above
L> as shown by ((G), air charging valve 11 is opened as
shown by (F), whereby the draft tube water level varies
as shown by (G). When the second-stage water level
detector 16 detects the water level as shown by (J), the
air charging valve 9 is opened as shown by (E),
whereby the water level in the return blade passage 5
starts to lower as shown at (16). When the water level
returns to a predetermined value, the third-stage water
level detector 17 for the return blade passage 1is
switched over as shown by (I), whereby the air charg-
ing valve 9 is closed.

(OPERATION IN THE PUMPING OPERATION
MODE)

The pumping operation mode will now be described
by employing the time chart shown in FIG. 3. In a staie
wherein the main shaft 1 is not rotating at all as shown
by (A), the lower-stage movable guide vane 8 is actu-
ated to a predetermined opening position as shown by
(C) at a time t;.

At the same time, the following valves are opened,
that is, the leakage water make-up valve, the air charg-
ing valve 9, the runner seal cooling water valve, the
guide vane leakage water drain valve 19, the runner
band drain valve 20, the guide vane leakage water drain
valve 21 and the runner band drain valve 22 as respec-
tively shown by (D), (E), (L), (Q), (P), (N) and (M).

Thereafter, when the draft tube water level detector
18 detects the fact that the draft tube water level shown
by (G) is at and below a water level L, the main shaft
1 starts to rotate as shown by (A) and the air discharg-
ing valve 13 is opened as shown by (O).

When the draft tube water level reaches a water level
1.3 as shown by (G), the lower-stage movable guide
vane 8 is closed as shown by (C) and, at the same time,
the automatic stop valve 14 is totally opened as shown
by (H).

Consequently, the third- and second-stage water level
detector 17 and 16 effect ON/OFF operation as respec-
tively shown by (I) and (J). When the detector 18 de-
tects the fact that the draft tube water level shown by
(G) reaches the water level L,, the air charging valve
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11 is controlled as shown by (F), and in response to the
operation of the water level detectors 16 and 17 for the
return blade passage water level shown by (K), the air
charging valve 9 is controlled as shown by (E).

Thus, it is not necessary according to this embodi-
ment to provide a by-pass tube which is conventionally
disposed such as to extend from the return blade pas-
sage S and to communicate with the draft tube 6. There-
fore, the structure required for operating the multistage
hydraulic machine is extremely simple. Further, ac-
cording to this embodiment, there is no possibility of the
problems related to the bypass valve according to the
Japanese Patent Publication No. 38336/1972.

Furthermore, 1t is possible to prevent any counter-
flow of water by effecting control such that the water
dropping from the upper-stage runner chamber and the
cooling water supplied to the lower-stage runner are
smoothly passed through the lower-stage runner cham-
ber and discharged finally to the draft tube without
gathering in the return blade passage, while maintaining
the water level depressing air pressure in the upperstage
runner chamber at a level higher than the water pres-
sure on the outer periphery of the lower-stage runner.

It 1s to be noted that, although in this embodiment the
water level 1n the return blade passage 5 is detected by
employing the water level detectors 15 to 17, a flowme-
ter may be employed in place of the water level detec-
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tors. In such a case, when the automatic stop valve 14is

opened, any water which is present on the upstream
side of the flowmeter flows and the flowmeter is
thereby actuated; therefore, it is possible to detect the
water level through the flowmeter.

What is claimed is:

1. A method of operating a multistage hydraulic ma-
chine which has a movable guide vane provided in each
of the stages and is arranged such that it is possible to
individually supply compressed air to a runner chamber
in each of the stages as well as to individually detect the
water level in the runner chamber in each of the stages,
saild method comprising the steps of, in a water level
depressing operation: supplying compressed air in a
state wherein the movable guide vane in the maximum-
pressure stage is totally closed, while the respective
movable guide vanes in the remaining stages are
opened; totally closing said movable guide vanes in the
stages other than the maximum-pressure stage after
detecting the fact that the water in the runner chamber
at least in the minimum-pressure stage (the minimum-
pressure stage alone or a plurality of stages including
the minimum-pressure stage) has once been expelled;
and while individually detecting the water level in each
of the runner chambers, individually replenishing com-
pressed air in response to said water level detection,
thereby individually controlling the water level in each
of said runner chambers.

2. A method of operating a multstage hydraulic ma-

chine according to claim 1, for shifting the operation
mode from the turbine mode to the condenser mode,
further comprising the steps of:
maintaining the rotational speed of the turbine shaft
throughout the method steps;
fully closing the maximum-pressure stage movable
guide vane and partially closing the lower stage
movable guide vanes, both prior to said step of
supplying compressed air.
3. The method of operating a multistage hydraulic
machine according to claim 2, including simultaneously
opening valves individually supplying compressed air
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to each runner chamber during said step of supplying
compressed air.

4. The method of operating a multistage hydraulic
machine according to claim 3, further including open-
ing a water leak charging valve and opening a runner
seal water charge valve, both simultaneously with said
opening of the compressed air supplying valves.

5. The method of operating a multistage hydraulic
machine according to claim 3, further including the
steps of:

opening the guide vane leakage water drainage valve

for each of said stages simultaneously with said
opening of the compressed air supplying valves;
and

opening the runner band drainage valves for each of

said stages and opening an air discharging valve
communicating with the spiral inlet casing for the
maximum-pressure stage, all at about the time of
said step of totally closing and prior to said step of
individually detecting and individually replenish-
ing.

6. The method of operating a multistage hydraulic
machine according to claim 5, further including the step
of preventing bypass water communication between
areas downstream of each stage that would bypass the
lower stage runners during said step of supplying com-
pressed air, and establishing said bypass water commu-
nication during said steps of individually detecting and
individually replenishing.

7. The method of operating a multistage hydraulic
machine according to claim 3, further including the step
of preventing bypass water communication between
areas downstream of each stage that would bypass the
lower stage runners during said step of supplying com-
pressed air, and establishing said bypass water commu-
nmication during said steps of individually detecting and
individually replenishing.

8. The method of operating a multistage hydraulic
machine according to claim 2, further including the step
of preventing bypass water communication between
areas downstream of each stage that would bypass the
lower stage runners during said step of supplying com-
pressed air, and establishing said bypass water commu-
nication during said steps of individually detecting and
individually replenishing.

9. The method of operating a multistage hydraulic
machine according to claim 1, further including the step
of preventing bypass water communication between
areas downstream of each stage that would bypass the
lower stage runners during said step of supplying com-
pressed air, and establishing said bypass water commu-
nication during said steps of individually detecting and
individually replenishing.

10. A method of operating a multistage hydraulic
machine which has a movable guide vane provided in
each of the stages and is arranged such that it is possible
to individually supply compressed air to a runner cham-
ber in each of the stages as well as to individually detect
the water level in the runner chamber in each of the
stages, said method comprising the steps of, in a water
level depressing operation: successively completing
water level depression in all the runner chambers, from
the runner chamber in the maximum-pressure stage to
the respective runner chambers in the smaller-pressure
stages in a state wherein the guide vane in the max-
imum-pressure stage is totally closed, while the respec-
tive guide vanes in the remaining stages are closed to a
small extent; totally closing the guide vane in the second
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stage when the water level depression in the runner

chamber in the maximum-pressure stage has been com--

pleted, thereby effecting the individual water level con-
trol for the runner chamber in the maximum-pressure

stage; and, totally closing, in the same manner, the guide
vane in a subsequent stage after the water level depres-

sion in the runner chamber in each of the remaining
stages has been completed, thereby effecting the indi-
vidual water level control for said runner chamber.
11. The method of operating a multistage hydraulic
machine according to claim 10, for a pump starting
operation wherein the lower stage movable guide vanes
are first partially opened from being totally closed
while opening a valve supplying compressed air to the
maximum-pressure stage while maintaining the upper
stage movable guide vane totally closed and the air
charging valve for the lower stages totally closed to
depress the water level in the draft tube, all as a first
part of said step of successively completing water level
depression;
increasing the rotational speed of the shaft until it
reaches synchronous speed while maintaining the
upper stage movable guide vane totally closed.
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12. The method of operating a multistage hydraulic
machine according to claim 11, while individually de-
tecting the water level in each of the runner chambers,
individually replenishing compressed air in response to

said water level detection, thereby individually control-
ling the water level in each of said runner chambers.

13. The method of operating a multistage hydraulic
machine according to claim 12, further including the
step of preventing bypass water communication be-
tween areas downstream of each stage thai would by-
pass the lower stage runners during supplying com-
pressed air, and establishing said bypass water commu-
nication during said steps of individually detecting and
individually replenishing.

14. The method of operating a muitistage hydraulic
machine according to claim 13, further including open-
ing each guide vane leakage water drainage valve for
each stage while simultaneously opening the runner
band drainage valve for each stage, while opening the
runner seal water charge valve during said step of open-
ing the valve supplying compressed air to the max-

Imum-pressure stage.
| $ % % % %
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